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Abstract 
With rising demand for high power electronics, the need for metallization systems with enhanced electromigration resistance 
increases rapidly. The long term stability of sputter deposited silver thin films is investigated with samples patterned either by wet 
chemical etching or by a lift-off process. Five conductor lines connected in parallel are stressed simultaneously by high 
temperatures and current densities. Whereas the activation energy is similar for both structures due to the same material system, 
the mean time to failure differs substantially because of a porous edge morphology occurring only at wet etched structures. 
Therefore, the current distribution is inhomogeneous thus, resulting in a significant faster failure of single conductor lines. 
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1. Introduction 
The increasing market for high power and high temperature electronics used for applications such as 
electromobility or modern miniaturized radar modules demands reliable metallization systems on various substrate 
materials depending on the given application [1]. Due to the high chemical and thermal stability as well as excellent 
isolation behavior, ceramic substrate materials are standard for high power applications. Whereas on ceramic 
substrates screen-printed gold (Au) and silver (Ag) thick films represent standard metallization systems, some high 
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frequency applications require higher lateral resolution than being possible with standard screen printing techniques 
[2]. Hence, compatible thin films are being deposited by PVD (physical vapor deposition) technique. After applying 
standard lithography patterning can be done either by wet chemical etching or by a lift-off procedure. However, due 
to small cross sectional areas of these conductor lines resulting in high occurring current densities, the lifetime of 
electronic devices is limited by electromigration effects. In previous works, it could be shown, that the long term 
stability and electromigration mechanism are depending on the microstructure of the metallic thin film [3, 4] and the 
substrate material [5]. 
In this study, the influence of the pattering technique on the electromigration behavior is investigated, having a 
high impact on the quality of the resulting thin film structure.  
2.  Experimental details 
Ag thin films are synthesized using a “von Ardenne” sputter deposition system from a 6” target at a fixed back 
pressure in the deposition chamber of p= 0.003 mbar (argon flow rate: 80 sccm). The plasma power is fixed to P= 300 
W. The process gas consists of 100% argon (Ar). The silver target with a purity of 99.999% is fixed at a distance of 
65 mm to the substrate. Titanium (deposition parameters: p = 0.003 mbar, Ar flow rate: 80 sccm, P= 300 W) with a 
thickness of about 10 nm is used as adhesion promoter for the Ag top metallization. For all depositions the substrates 
are nominally unheated and the Ag film thickness is kept constant at about 330 nm. For the fabrication of test devices, 
a mixture of ammonium hydroxide (NH4OH) (32 vol.%) and hydrogen peroxide (H2O2) (35 vol.%) diluted in distilled 
water is applied as a wet chemical etchant for the Ag thin films. For the lift-off process an AZ 5214 E resist is used 
with a thickness of 1.5 μm. As substrate material alumina was used with an average surface roughness of Ra ~200 nm. 
The electromigration test-structures consist of 5 parallel lines with a nominal line width of 30 ȝm and a length of 
about 600 ȝm (see Fig. 1). The structures were current loaded using a constant field technique, as this configuration 
enables time efficient measurements. 
Fig. 1: Test structure used to investigate the long term stability of Ag thin films on alumina substrates. 
 
A constant voltage is applied to the structure, such that the desired current density reaches the value of 
J = 5·10-6 A·cm-2. Additionally, the film is stressed by heating of the substrate up to 300°C. During degradation, the 
cross-sectional area of the structure decreases indirect proportional to the resistance. Hence, with those assumptions 
the current density is kept constant.  
3. Results and Discussion 
The current through the thin film structure is recorded over the time as shown in a typical graph in Fig. 2. Since 
the degradation process is continuous, meaning no single lines fail abrupt, no sharp decrease in current can be 
observed. As failure criterion a drop of 20% of the starting current value is defined. Subsequently, the measurements 
are aborted due to time efficiency reasons. The current density is chosen such that the migration measurements can be 
performed in a reasonable time in the temperature range from room-temperature up to 300°C. Due to the squared 
relationship of current density and MTF, an improperly choice in current density causes either extensive duration of 
an experiment or a high inaccuracy in the determination of the MTF [6], according to Black’s law  
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where A as a constant depending on the cross-sectional area of the thin film structure, J the current density, ׋ the 
activation energy, k the Boltzmann constant and T the film temperature in Kelvin. For the statistics, the mean time to 
failure (MTF) for each temperature is the arithmetic median of 3 measurements.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: Typical long-term measurement of Ag thin films on alumina with a current density of 5·10-6 A·cm-2 at 120°C. 
 
The temperature activated behavior of the migration effect is extracted from the measurement by plotting the results 
in an Arrhenius configuration (see Fig. 3). From the slope of the fitted line, similar activation energies of about 
ࢥ = 840 meV and of about ࢥ = 920 meV are extracted for thin film structures patterned by the lift-off procedure and 
by wet etching, respectively. This result is in a good agreement with [4] and the activation energy is predominantly 
affected by the substrate material, whereas the MTF depends on the microstructure of the metallic thin film. 
 
 
 
 
 
Fig. 3: Mean time to failure of stressed Ag thin films plotted in Arrhenius configuration. Whereas activation energies of wet etched and lift-off 
structures are comparable, the long term stability of those where lift-off was applied is significantly higher. 
 
The long term stability depends significantly on the patterning technology. Whereas at about 100°C the MTF of 
lift-off structures is more than 6 hours, for etched structures the corresponding value is reduced to about 6 min due to 
the difference in microstructure of these two Ag thin films.  
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a)                                                       b) 
 
Fig 4: Ag thin films exposed to accelerated aging conditions at a current density J= 5·10-6 A·cm-2 for 3 h at 100°C. The films are patterned a) 
by wet chemical etching and b) by a lift-off process. Whereas the migration occurs predominantly at the porous edges in a), b) shows a homogeneous 
migration behavior. 
 
The wet chemically etched thin film in Fig. 4a has a porous edge morphology, in contrast to that of the films 
patterned by the lift-off process which are solid (see Fig. 4b). Due to the porous edges the current peaks next to the 
porous regime. Consequently, the highest electromigration occurs exactly at this area representing the highest local 
current density and the line starts to fail due to additional void generation and enhanced higher temperatures. In 
contrast, the homogeneous film without pores of the lift-off structures exhibits randomly distributed hillocks and voids 
orientated in the direction of the current. Due to the lower defect density at the edges, a longer life-time is associate 
with these films, as current crowding and Joule heating effects are reduced. 
4. Conclusion 
Within this study, the electromigration behavior of Ag thin films patterned differently via wet chemically etching 
and a lift-off procedure are compared. Due to the homogeneous film morphology, especially at the edges when 
applying a lift-off process, a lower probability is assumed that material is transferred by the electron flow resulting in 
less current crowding and reduced Joule heating effects. Hence, a significantly better long-term stability and reliability 
of thin film structures realized with a lift-off process can be achieved. Together with a highly textured microstructure 
being based on a high adatom mobility of the impinging Ag atoms during the deposition process provided either by 
an enhanced plasma power or elevated substrate temperatures, reliable Ag thin films for high power applications can 
be achieved. 
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